Increases in sea surface temperatures (SSTs) have been recorded to occur globally, with the Mediterranean SSTs rising about twice as much as those of the global oceans. Here we analyse and compare satellite remote sensing SST data with in-situ data for the period 1996-2012 in the Eastern Mediterranean, Levantine basin. Further, temperature profiles from oceanographic cruises and autonomous underwater vehicles (gliders) in this region, we processed to study the interannual variability at the surface layer (0-10m). These data were collected during the several CYBO (Cyprus Basin Oceanography) oceanographic cruises that the Oceanography Centre, University of Cyprus has conducted over the years, as well as during the missions of the two gliders owned and operated by the Oceanography Centre. We show that the Levantine basin has undergone SST increases, during the last 16 years. The SST variability is characterized by a broad, basin-wide warming occurring at both seasonal and interannual time scales. Further, satellite SST data are correlated with in-situ SST data, especially during the summer months. The driving mechanisms of these changes need to be investigated, in order to understand the future trends and impacts of climate change in the region.
INTRODUCTION
The reality of global warming since the industrial era is manifested in part by changes in global sea surface temperatures (SSTs). Past studies have documented global SST increases between 0.3ºC and 1.0ºC over the last millennium 1 , with the most rapid warming occurring over the past 30-40 years at a rate of approximately 0.2°C per decade 2, 3, 4 . Sea surface temperature (SST) varies on multidecadal and interannual time scales with significant regional differences in the specific character of the temporal variability. The most practical and efficient approach to studying these responses at near real-time, is through the use of satellite remote sensing methods 5, 6 . The time record of observation for some sensors has exceeded two decades, and thus allows for studies of multi-decadal variability and change 6, 7 . Such studies help detect the regional impacts of climate change while revealing the interconnectedness of the global ocean at high spatial and temporal resolution.
Several studies have reported regional temperature increases in the Mediterranean Sea for each of its two basins 8, 9, 10, 11, 12, 13, 14, 15, 16 . Changes occurring in the eastern and western basins are frequently out of phase as a consequence of different processes that affect the climate of the two 17, 18, 19 . Overall, SSTs across the Mediterranean as a whole have been rising about twice as much as those of the global oceans 15, 20, 21, 22, 23 .
The objective of this work is to investigate the increase in SST due to climatic changes in the Eastern Mediterranean Levantine basin from 1996 until 2012, with the use of satellite remote sensing data as well as with in-situ data.
METHODS
Sea surface temperature (SST) data were collected by the NOAA/NASA Advanced Very High Resolution Radiometers (AVHRR) and processed by the SST Pathfinder program. For our analyses we obtained monthly averaged Level 3, version 5.0, global SST data from the night time pass (code numbers 1 or 4) of the satellite at a 4-km resolution and an equal-angle grid of 8192 pixels/360º from January 1996 through December 2009. Monthly quality control flag files for the SST data were also obtained for the same time period from the same source. Satellite remote sensing data for 2010 and 2011 were obtained from the Aqua MODIS satellite. The data were obtained at monthly averaged Level 3, at 4μ nighttime pass, at 4km resolution.
The in-situ data include data collected with the use of a CTD (Conductivity-Temperature-Depth) instrument, during the oceanographic research cruises CYBO that took place between 1996 and 2012, as well as glider data for 2009 and 2010.
All data for the Eastern Levantine basin were sub-scened from the global sets and bound by the following coordinates: 37 ºN to 30 ºN, and 24 ºE to 37 ºE. Quality control flags were applied to the monthly SST Levantine data. Only pixels of highest quality were kept. Seasonal and annual averages were calculated for 1996 through 2011 across the Eastern Levantine Basin for SST. Seasonal and annual anomalies for the SST dataset were also obtained by calculating the overall mean for the dataset during 1996-2012, and then subtracting the mean from each year of the corresponding dataset. To investigate the spatial and temporal variability in SSTs, empirical orthogonal function (EOF) analysis was performed on the seasonal and annual anomalies of SST 24, 25, 26 . Here we present only the first two modes that arise form the EOF analyses. Averages for the in-situ SST data from the CTD from 1996-2012 were calculated for the top 10 meters of the water column for each CYBO research cruise.
Measurements of temperature were also taken with the use of the two autonomous ocean gliders owned by the Oceanography Centre, University of Cyprus. Gliders are programmable, and therefore flexible. The glider is able to traverse the full water column (up to 1000 m). The glider is equipped with an acoustic altimeter in order to sense and avoid striking the seafloor. The glider can travel between programmed waypoints, executing a sampling pattern, in order to capture spatial variability (Horizontal speeds are approximately 25 cm/s.) It can also maintain an approximately steady horizontal position while it profiles at very steep angles in virtual mooring mode, much like a fixed point mooring but with very high vertical resolution. (Vertical speeds are approximately 10 cm/s). It is also possible for the glider to "loiter" at a certain depth for a pre-determined length of time, drifting with ambient currents in order to "follow" features. Monthly averages for the SST data from the glider cruises from 2009-2012 were calculated for the top 10 meters of the water column, after removal of outliers.
RESULTS
Analyses of annual mean satellite sea surface temperature (SST) data indicate that over the last 16 years (1996-2011) a general warming has occurred over the Levantine Basin, and occurred at an average rate of approximately 0.065 C per year (Fig. 1a) . This increase in average SSTs is also seen in the seasonal averages, especially during the summer (Fig.  1b) . (Fig. 1a, 2 ). An area southeastern of Cyprus is seen during some years to be warming up much more strongly than the rest of the Levantine Basin (Fig. 2) .
Empirical Orthogonal Function (EOF) analysis was performed on the annual and seasonal satellite SST data to examine their spatial and temporal patterns of variability. The spatial eigenfunctions of mode 1 show that the seasonal and annual SSTs across the entire Levantine share high positive eigenfunctions and thus varied in a spatially coherent manner over time (Fig. 3a) . Therefore, the SST variability is characterized by a broad, basin-wide warming (mode 1). The seasonal principal component (PC) of the same mode (PC1), which depicts the time variation of the first mode, varied over the years supporting the fact that the Levantine is experiencing a strong seasonal cycle (Fig. 3b-e) . The PC1 of the annual data supports the fact that higher than average SSTs were observed across the Levantine during the later part of the 16-year time period (Fig. 3a ). An asymmetry in the N-to-S direction is depicted in the spatial eigenfunctions of mode 2 ( 3). Areas in the northern Levantine are out of phase from areas in the southern parts of the basin, creating a dipole pattern of heating and cooling at interannual and interseasonal time scales (Fig. 3) . 
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Analyses of annual and summer in-situ SST data reveal similar increases in temperatures to the ones recorded by satellites in the region (Fig. 4) . The average rate of increase of SSTs is 0.53°C, which is approximately three times higher than the recorded 0.18°C rate of increase of global SSTs
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. During the year 2010, the highest temperatures were recorded up to date, which were much higher than the recorded ones from summer of 2003 (mean values for the summer of 2010 for Τ=29.57°C) (Fig. 4) . Analyses of monthly in-situ SST data collected during glider expeditions from 2009 until 2012, and calculated for the top 10 meters of the water column, reveal the monthly variability in temperatures in the Eastern Mediterranean Levantine basin (Fig. 5) . However, the time series in some cases does not represent well the entire region of interest, as the gliders may have been in an area with a local effect, which is then affecting the regional averages. Further examination, processing and analysis of these data is needed.
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DISCUSSION
The present study has shown that an increase in the Levantine Basin sea surface temperatures (SSTs) has taken place from 1996 to 2011. The SST variability is characterized by a broad, basin-wide warming (mode 1) occurring at both seasonal and interannual time scales, and a weaker dipole pattern that fluctuates at similar time scales (mode 2). Further, satellite SST data are correlated with in-situ CTD SST data, especially during the summer months. The warming in the Levantine, which is revealed by the AVHRR Pathfinder SST data, as well as by the recorded increases in in-situ SST, occurred at both seasonal and interannual time scales. The fact that in 2010 the highest temperatures have been recorded so far, which were even higher than the record values of 2003, indicates that the increasing trend is expected to continue. The driving mechanisms of these changes need to be investigated, as they may be driven by changes in annual latent heat losses and by the variability in regional wind speeds.
